Abstract Main sequence turn-off (MSTO) stars have advantages as indicators of Galactic evolution since their ages could be robustly estimated from atmospheric parameters.
INTRODUCTION
A star begins its evolution as a hydrogen-rich main-sequence star with a hydrogen-burning core. As core hydrogen burning finishes, hydrogen-shell burning starts and the star expands to larger radius, lower surface temperature and higher luminosity, and the star evolves into the sub-giant branch phase. Main sequence turnoff (MSTO) stars are stars that have reached the point of central hydrogen exhaustion at the end of the mainsequence phase. Given the metallicity, their effective temperatures are very sensitive to their ages, hence one MSTO stars are widely used to determine ages of star clusters as they are easily identified from the color-magnitude diagrams (CMDs) (e.g. Mackey et al. 2008; Goudfrooij et al. 2009; Yang et al. 2013 ).
Since member stars of a cluster are generally believed to form from the same gas cloud simultaneously, they have the same age. Unlike the MSTO stars in clusters, MSTO stars in the field are not easy to be identified from the CMDs. To identify field MSTO stars, accurate estimates of atmospheric parameters (T eff , log g and [Fe/H] ) are required. As the implementation of the LAMOST Experiment for Galactic Understanding and Exploration (LEGUE; Deng et al. 2012; Zhao et al. 2012; Liu et al. 2014 ) and other spectroscopic surveys such as the Sloan Extension for Galactic Understanding and Exploration (SDSS/SEGUE; Yanny et al. 2009 ), the Radial Velocity Experiment (RAVE; Steinmetz et al. 2006 ) and the Apache Point Observatory Galactic Evolution Experiment (APOGEE; Majewski et al. 2010 ), stellar atmospheric parameters of millions of stars are delivered from the survey spectra. Typical accuracies of the LAMOST stellar atmospheric parameters reach 100 -150 K for T eff , 0.20 -0.25 dex for log g and 0.1 -0.2 dex for [Fe/H] (Xiang et al. 2015b , Wu et al. 2014 , Luo et al. 2015 , Gao et al. 2015 . Hundreds of thousands of MSTO stars have been selected from the LAMOST survey by Xiang et al. (2015a) based on stellar atmospheric parameters yielded by the LAMOST Stellar Parameter Pipeline at Peking University (LSP3; Xiang et al. 2015b) . The ages of these MSTO stars are also estimated, with a claimed uncertainty of about 30 per cent. However, given the low spectral resolving power of LAMOST (R ∼1800; e.g. Cui et al. 2012; Deng et al. 2012) , accurate stellar parameters, especially surface gravity, are difficult to yield from the spectra. Therefore, a careful sanity examination on the feasibility of the method to select the MSTO stars sample and on the accuracy of age estimation seems to be essential.
Asteroseismology is a powerful tool to derive accurate stellar parameters (Bi et al. 2008; Gilliand et al. 2010; Yang & Meng 2010; Chaplin et al. 2011; Stello et al. 2013; Tian et al. 2015) . By asteroseismology, accurate stellar parameters of thousands of stars have been obtained (Chaplin et al. 2014; Huber et al. 2014) . It is found that surface gravities yielded by the asteroseismology can be accurate to 0.01 -0.03 dex (Hekker et al. 2013; Huber et al. 2014) , much better than the spectroscopic estimates. Combing effective temperatures and metallicities from the LAMOST spectra with asteroseismic surface gravity yielded from the Kepler photometry, MSTO stars can be well identified and their ages can also be accurately determined.
In this paper, we determine fundamental stellar parameters (M, R, Age, L, T eff , Z, log g) for 150 MSTO star candidates selected from the MSTO stars sample that have asteroseismic properties delivered from photometry of the Kepler mission (Gilliand et al. 2010) . Meanwhile, we compare our results with previous studies by Huber et al. (2014) and Xiang et al. (2015a) . We discuss the impact of uncertainties in atmospheric parameters on the measurement of ages, and examine the accuracy of the age estimates as well as the contamination rate of the MSTO stars sample. The paper is organized as follows. In Section 2, we introduce how to select the sample of MSTO star candidates. In Section 3, we describe the stellar model and how to obtain the stellar parameters. Results and discussion are presented in Section 4 and a summary
THE MSTO STAR CANDIDATES
The LAMOST-Kepler project (De Cat et al. 2015) aims to observe stars in the Kepler field with the LAMOST (Cui et al. 2012 ) and deliver atmospheric parameters and radial velocities. The LAMOST survey has produced a large number of low resolution (R∼1800) optical spectra (λ 3800 -9000 Å). By September 2014, all the Kepler fields had been observed at least once, and 101 086 spectra had beeen collected on 38 LAMOST plates (De Cat et al. 2015) . Many of the stars have asteroseismic characteristics deduced from the Kepler photometry. These stars have been used to examine and calibrate stellar surface gravities yielded from the LAMOST spectra (Ren et al. 2016; Wang et al. 2016 ).
To study the evolution of the Galaxy, Xiang et al. (2015a) have selected a sample of 0.3 million MSTO stars from the LAMOST survey based on stellar atmospheric parameters (T eff , log g and [Fe/H]) derived by the LSP3. They have estimated stellar ages for those MSTO stars with a isochrone fitting technique utilizing the Yonsei-Yale (YY) isochrones (Demarque et al. 2004) , and claim a typical accuracy of 30 per cent.
Among the LAMOST-Kepler stars, about 4000 stars are found to have asteroseismic parameters the frequency of maximum power of the oscillation ν max and large frequency spacing ∆ν) from literature (Hekker et al. 2011; Appourchaux et al. 2012; Mosser et al. 2012; Stello et al. 2013; Huber et al. 2013; Chaplin et al. 2014) , most of which are red giant stars and only about 300 stars are dwarfs/subgiants. A cross-identification with the MSTO stars sample yields 179 common stars, and in this work, we denote them as MSTO star candidates. Asteroseismic parameters collected from literature, as well as atmospheric parameters yielded by the LSP3 for these MSTO star candidates are listed in Table 1 .
GRID MODELING

Models
We use the Yale Rotating Stellar Evolution Code (YREC; Pinsonneault et al. 1990; Pinsonneault et al. 1992; Demarque et al. 2008 ) to construct stellar evolution models. Input physics include the OPAL equation of state tables (Rogers et al. 2002) and OPAL high-temperature opacities (Iglesias et al. 1996) supplemented with low-temperature opacities of Ferguson et al. (2005) . The NACRE nuclear reaction rates (Bahacall et al. 1995) are used. Atomic diffusion due to concentration and thermal gradients is included in the computation of models with initial masses below 1.1 M ⊙ , using the formulation of Thoul et al. (1994) . For grids with initial mass between 1.1 and 1.2 M ⊙ , both models with and without atomic diffusion are calculated. The outer convective zone is treated according to the mixing-length theory (Böhm-Vitense 1958) and the influence of overshooting convection is ignored. To account for the uncertain mixing-length parameter, α MLT , three sets of the model grids are calculated, each with an α MLT of 1.75, 1.84 and 1.95, respectively; the solar-calibrated value is α MLT = 1.84.
We calculate stellar evolution models with [Fe/H] in the range −0.3 -0.4 dex in steps of 0.1 dex. We assume that [Fe/H] = 0 corresponds to the solar abundance ((Z/X) ⊙ = 0.0231) as determined by Grevesse et al. (1998) and that these models have a helium abundance of Y = 0.248. The helium abundance for models with other values of metallicity is determined assuming a chemical evolution model Y ini = 0.248 + is estimated through the formula
Our models have masses in the range 0.8-2.5 M ⊙ , in steps of 0.02 M ⊙ . The evolution tracks are constructed from the pre-main sequence to the base of the red-giant branch (RGB). A summary of the adopted input parameters is given in Table 2 . Figure 1 shows the evolutionary tracks in the T eff -log g plane and the position of the 179 MSTO star candidates, with parameters derived with the LSP3. The error bars represent the error of T eff and log g derived from the LSP3 separately. The figure indicates that most of the MSTO star candidates are located around the main sequence turn-off stage.
Methodology
Usually, stellar parameters of field MSTO stars are determined by comparing theoretical models with atmospheric parameters such as T eff and [Fe/H] derived from either photometry or spectroscopy. Low-mass main-sequence stars and some sub-giants show rich spectra of solar-like oscillations, small amplitude pulsations which are excited and damped intrinsically by convection in the outer envelope. The large frequency spacing, ∆ν, is formally related to the mean density of a star (Christensen-Dalsgaard et al. 1993) . the frequency of maximum power of the oscillation ν max is related to the acoustic cutoff frequency of a star (e.g. Kjeldsen et al. 1995; Bedding & Kjeldsen 2003; Chaplin et al. 2008) . Both ∆ν and ν max are sensitive to the structure of stars, and thus are indicators of evolutionary stage.
Under the constraints of atmospheric parameters (T eff , [Fe/H]) and seismic properties (∆ν and ν max ) listed in Table 1 , we use the likelihood method of Basu et al. (2010) to find the best-fit models.
Given the observed and model parameters, the likelihood is:
The combined likelihood is
Note that we do not consider the likelihood function for log g because the LSP3 estimates of this quantity may have large systematic errors. We assume that the normalized probability of each model p i is:
where N m is the total number of models. This normalized probability is a measurement of how well the the integral probability to estimate the best-fitted parameter and its error. For each parameter, the best-fitted parameter respects to value that have a integral probability of 0.5, and the 1σ error is given.
RESULTS AND DISCUSSION
Among the 179 MSTO star candidates, stellar parameters for 150 of them are successfully derived, and are listed in Table 3 is strong correlation between the differences of mass and the differences of effective temperatures. Because the T eff derived by the LSP3 are calibrated to the recently deduced metallicity-dependent color-temperature relation of Huang et al. (2015) , which is deduced based on stellar interferometry data sets, we believe our results of stellar mass are more reliable than those of Huber et al. In addition, the stellar metallicity could also affect the determination of stellar mass, but it has only a minor contribution compared to that from the effective temperature.
After that, in Figure 5 , we compare age estimates of this work with those of Xiang et al. (2015a) .
The left panel shows that though ages for the majority of stars agree well with each other, there are a considerable fraction of stars that our values are systematically much lower than those of Xiang et al. For 7 Gyr according to our results. The right panel plots the distribution of the differences of age estimates.
The distribution yields a mean difference of 0.53 Gyr (7 %), and a dispersion of 2.71 Gyr (28 %). It is found that the age discrepancy are mostly caused by systematic bias in the LSP3 log g. For instance, KIC 5523099, the LSP3 atmospheric parameters (5513 K, 4.24 dex, 0.03 dex) yield an age of 12.5 Gyr, while our atmospheric parameters (5507 K, 3.79 dex, 0.05 dex) yield 4.6 Gyr, which is 6.9 Gyr younger due to a 0.45 dex overestimate of the LSP3 log g. As the uncertainty of the LSP3 log g is the main cause of the differences in stellar ages, left panel in Figure 6 , we compare log g derived by the LSP3 with our values.
The figure reveals that log g given by the LSP3 has a linear trend of deviation with our estimated values.
The result is consistent with that of Ren et al. (2016) , who examined the LSP3 log g with asteroseismic values from Huber et al. (2014) . To better characterize the bias in the LSP3 log g, we display the histogram distribution of log g differences in right panel in Figure 6 . The figure exhibits that the LSP3 log g is generally higher than our seismic values by about 0.1 dex, with a calculated standard deviation of 0.16 dex.
We compare the T eff -log g diagram of the LSP3 and our work in However, considering that the number of stars in our sample is still small, and that the asteroseismic sample from literature are probably biased to sub-giant stars because they are brighter and also have relatively larger oscillation amplitudes thus easier to be detected, our results have probably overestimated the contamination rate.
SUMMARY
Combing atmospheric parameters derived with the LSP3 from the LAMOST spectra, and seismic charac- Meanwhile,we compare the derived log g, radius and mass with those of Huber et al. (2014) , and find that the log g and radius are consistent well with each other, while the mass show moderate differences due to different effective temperatures adopted. We also compare our ages estimates with those of Xiang et al. (2015a) and find a mean difference of 0.53 Gyr (7 %) and a dispersion of 2.71 Gyr (28 %). Moreover, we also re-select MSTO stars based on the criteria of Xiang et al. (2015a) utilizing our newly derived atmospheric parameters and find that about half of the MSTO stars identified with the LSP3 atmospheric parameters are actually main sequence or sub-giant stars, and the stellar ages for those contamination stars stars sample. However, the number of stars in our sample is still small, , and they are probably biased to subgiant stars, so that our sample may not be representative enough to give a full clarification of contamination rate of the MSTO stars sample. As the LAMOST survey progresses, we plan to obtain larger sample to deduce more conclusive results in the next. 
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